The spread of antimicrobial resistance pathogens in humans has increasingly become an issue that threatens public health. While the NCBI Pathogen Detection Isolates Browser (NPDIB) database has been collecting clinical isolate samples over time for various countries, few studies have been done to identify genes and pathogens responsible for the antimicrobial resistance in clinical settings. This study conducted the first multivariate statistical analysis of the high-dimensional historical data from the NPDIB database for six different countries from majorly inhabited landmasses, including Australia, Brazil, China, South Africa, the UK, and the US. The similarities among different countries in terms of genes and pathogens were investigated to understand the potential avenues for antimicrobial-resistance gene spreading. The genes and pathogens that were closely involved in antimicrobial resistance were further studied temporally by plotting time profiles of their frequency to evaluate the trend of antimicrobial resistance. It was found that several of these significant genes (i.e., aph(3")-Ib, aph(6)-Id, blaTEM-1, and qacEdelta1) are shared among all six countries studied. Based on the time profiles, a large number of genes and pathogens showed an increasing occurrence. The most shared pathogens responsible for carrying the most important genes in the six countries in the clinical setting were Acinetobacter baumannii, E. coli and Shigella, Klebsiella pneumoniae and Salmonella enterica. South Africa carried the least similar antimicrobial genes to the other countries in clinical isolates.
Introduction
In a post-antibiotic era, an increasing prevalence of antimicrobial resistance, often abbreviated as "AMR", has been identified as a critical health hazard on a global scale. An evaluation of 1606 inpatient and outpatient samples from an African country in 2014 revealed that pathogenic resistance to older established antibiotics is rising; furthermore, if unchecked, the magnitude of mortality attributable to AMR may climb to 10 million lives by 2050 [1] . The inappropriate regulation and use of basic medications, including antibiotics, are frequently cited reasons for the spread of this phenomenon. Global human antibiotic consumption in 2000 was at 54,083,964,813 single dose units (also considered standard units, or SU's) and had spiked by 36% within a decade [2] , with the World Health Organization estimating that only half of prescribed antibiotics are currently used correctly [3] . The common cold, for instance, is incorrectly believed by a third of people to be treatable with antibiotics and is also the This work collected the data from the NCBI database, which was adapted into spreadsheets for multivariate statistical analysis. PCA was then performed on this data set on both pathogens and genes to represent the multidimensional data into a two-dimensional plot. This allows us to identify which gene or pathogen trends differed from the rest of the group, and could be deemed as 'important'. The occurrence profiles over years for those important genes and pathogens were further used to study the trend of antimicrobial resistance. PCA and hierarchical clustering were also used to study the similarity of antimicrobial resistance in the six countries on the basis of the important genes and pathogens identified for those countries. The following hypotheses were tested in this study: (1) the microbial resistance in the clinical setting had an increasing trend over time; and (2) there were a certain amount of AMR genes and pathogens shared by different countries, which evidenced the occurrence of gene transfer between those selected countries.
Data Extracted from the NCBI Pathogen Detection Isolates Browser
The NCBI database provides the following information for each sample: the location of the sampling, time of the sampling, the name of the pathogen, antimicrobial resistant genotypes, isolation source, isolation type (i.e., clinical versus environmental samples), and others. The data utilized during this project were collected between 2010 and 2019, as most countries other than the US did not have data for other years in the NPDIP database. Clinical samples, which were sampled from human stool, blood, urine, sputum and other sources, were separately downloaded and pre-processed in MATLAB for each of the following six countries: Australia, Brazil, China, South Africa, the UK, and the US. Important pathogens and AMR genes were then identified from these samples. The pre-processed datasets were saved into Excel files for statistical analysis in the R language, which is one of the most commonly used tools in analyzing high-dimensional datasets. The data matrix imported into R for each individual country was organized in the following format: each row represents one clinical sample while each column provides the information for that sample. As seen in Figure 1 , the information contained in the Processes 2019, 7, 964 3 of 16 columns included the scientific name of the pathogen detected in the sample, the sampling year, the isolation sources, the number of AMR genes detected in the sample (i.e., number_amr_genes), and whether or not genes were detected in the sample (with a value of 1 indicating the gene shown in the column was found in the sample). Typically, the data matrix for a country contains thousands of rows (i.e., samples) and one to two hundred columns (i.e., most columns used for representing genes). Therefore, the data matrix is typically of one to two hundred dimensions.
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Principal Component Analysis (PCA) and Hierarchical Clustering
PCA is one of the most commonly used approaches to visualize a multidimensional data set in a two-dimensional space. The new coordinate dimensions (e.g., principle component 1, i.e., PC1 in Figure 2A ) are the linear combination of the original coordinate dimensions (e.g., x and y in Figure  2A ). A lower principal component number, with 1 being the lowest, indicates a larger variance in the projections into that coordinate direction. In other words, more information about each of the points' distinguishability is contained in that projected coordinate direction. This allows for more efficient discernment of individual data points, as it is impossible to visualize the data in more than three dimensions. By projecting the data points onto a plot characterized by principle components 1 and 2, it is possible to visualize the variation and identify possible outliers; in the case of this experiment, that means the important pathogens or important genes. The function prcomp() from R was used to perform principal component analysis on the data matrix for each of the six countries. Before implementing PCA to identify important genes, a data matrix was created for PCA in such a way that each gene was represented in a single row and each pathogen was listed in a column to record the occurrences of each gene in each detected pathogen in the samples for each country. This data matrix was transposed to identify the pathogens that carried AMR genes.
Once the high-dimensional data was projected onto the PC1~PC2 space, hierarchical clustering was further used to determine the important genes and pathogens by finding those that are the least similar to the rest of the genes and pathogens. Depicted in Figure 2B is a graph of genes along with a hierarchical clustering of them. Hierarchical clustering is a tool that groups similar items (e.g., genes and pathogens) into groups called clusters. It does so by finding the Euclidean distance between all pairs of points. The program then finds the pair closest to each other and graphs it on the hierarchical clustering graph as a tree. The program then replaces the two points with a single point at the midpoint of the two points mentioned and repeats this process slowly moving up the tree and replacing points until it comes down to a single point. From the hierarchy, it can be noted that 
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(A) (B) On the basis of those genes identified as important for antimicrobial resistance in individual countries, the genes that were common in all six countries were further used to construct a data matrix in which each row corresponded to one country and each column represented one gene. The matrix recorded the occurrences of each gene in each country during 2010 to 2019. PCA and hierarchical clustering were then implemented to the data matrix to cluster the six countries and study the similarity of those countries in carrying those AMR genes. Similarly, a data matrix was built for the occurrences of those common pathogens that were found in the six countries. In other words, each column in the data matrix represented one clinical pathogen, while each row was associated with one of the six countries. The similarity of the six countries in carrying those important clinical pathogens was then studied from the results returned by PCA and hierarchical clustering.
Investigation of the Trend of Antimicrobial Resistance
The historical profiles of the genes and pathogens mostly involved in antimicrobial resistance were plotted to study the trend of antimicrobial resistance. In particular, the historical profiles of those important genes and pathogens were plotted over years. In order to account for differences in the number of samples collected each year, we normalized these historical profiles by dividing the total occurrences of genes/pathogens that were detected in that year with the number of samples obtained in the same year. This can resolve the bias due to the fact that some years have more samples than others. On the basis of those genes identified as important for antimicrobial resistance in individual countries, the genes that were common in all six countries were further used to construct a data matrix in which each row corresponded to one country and each column represented one gene. The matrix recorded the occurrences of each gene in each country during 2010 to 2019. PCA and hierarchical clustering were then implemented to the data matrix to cluster the six countries and study the similarity of those countries in carrying those AMR genes. Similarly, a data matrix was built for the occurrences of those common pathogens that were found in the six countries. In other words, each column in the data matrix represented one clinical pathogen, while each row was associated with one of the six countries. The similarity of the six countries in carrying those important clinical pathogens was then studied from the results returned by PCA and hierarchical clustering.
The historical profiles of the genes and pathogens mostly involved in antimicrobial resistance were plotted to study the trend of antimicrobial resistance. In particular, the historical profiles of those important genes and pathogens were plotted over years. In order to account for differences in the number of samples collected each year, we normalized these historical profiles by dividing the total occurrences of genes/pathogens that were detected in that year with the number of samples obtained in the same year. This can resolve the bias due to the fact that some years have more samples than others.
Results

Identification of Important Genes in Clinical
Samples from Australia, Brazil, China, South Africa, the UK, and the US The PCA and clustering approaches described in the Materials and Methods section were used to identify significant resistance genes from the six selected countries. The projection and detailed visualization of data, made possible by hierarchical clustering, enabled the schematic comparison of those AMR genes. The result of hierarchical clustering for the US is shown in Figure 3 as an example for illustration. As there are more than 100 AMR genes in the dataset for the United States, those genes, especially those with few occurrences, are lumped together in the PC1~PC2 space. It is thus challenging to show all these genes clearly in the PC1~PC2 space. That is why only the result of hierarchical clustering is shown below. The genes that were heavily tested in the antimicrobial-resistance pathogens are typically those outliers in the PC1~PC2 space and those in the top few levels of branches in the hierarchical clustering tree. For example, the genes in the branches excluded by the red rectangle were identified as the genes important for antimicrobial resistance in the pathogens in the clinical samples. A similar approach was applied to identify important AMR genes for the other five countries. Table 1 summarizes the important AMR genes for the six countries. It can be seen that Brazil has the largest amount of important AMR genes, while South Africa harbors a significantly lower quantity. The genes that are shared by five and six countries are marked in the colors of blue and red, respectively. They can be generally categorized into: aminoglycoside phosphotransferase (aph(3")-Ib and aph(6)-Id), beta-lactamase (blaEC and blaTEM-1), macrolide 2 -phosphotransferase (mph(A)), quaternary ammonium compound-resistance protein (qacEdelta1), and sulfonamide resistance genes (sul1 and sul2).
Results
Identification of Important Genes in Clinical Samples from Australia, Brazil, China, South Africa, the UK, and the US
The PCA and clustering approaches described in the Materials and Methods section were used to identify significant resistance genes from the six selected countries. The projection and detailed visualization of data, made possible by hierarchical clustering, enabled the schematic comparison of those AMR genes. The result of hierarchical clustering for the US is shown in Figure 3 as an example for illustration. As there are more than 100 AMR genes in the dataset for the United States, those genes, especially those with few occurrences, are lumped together in the PC1~PC2 space. It is thus challenging to show all these genes clearly in the PC1~PC2 space. That is why only the result of hierarchical clustering is shown below. The genes that were heavily tested in the antimicrobial-resistance pathogens are typically those outliers in the PC1~PC2 space and those in the top few levels of branches in the hierarchical clustering tree. For example, the genes in the branches excluded by the red rectangle were identified as the genes important for antimicrobial resistance in the pathogens in the clinical samples. A similar approach was applied to identify important AMR genes for the other five countries. Table 1 summarizes the important AMR genes for the six countries. It can be seen that Brazil has the largest amount of important AMR genes, while South Africa harbors a significantly lower quantity. The genes that are shared by five and six countries are marked in the colors of blue and red, respectively. They can be generally categorized into: aminoglycoside phosphotransferase (aph(3'')-Ib and aph(6)-Id), beta-lactamase (blaEC and blaTEM-1), macrolide 2'-phosphotransferase (mph(A)), quaternary ammonium compound-resistance protein (qacEdelta1), and sulfonamide resistance genes (sul1 and sul2). The genes shown in Table 1 were further used to study the similarities of the six countries in carrying those AMR genes in the clinical samples. In particular, the occurrences of these genes were recorded in a data matrix in which each row represented one country and each column is associated with one gene. Figure 4 shows the results of principal component analysis and hierarchical clustering on the data matrix. The UK and the US are the most similar in terms of genes with a total of 16 genes in common (as shown in Table 1 ). The aadA genes produce resistance to antibiotics streptomycin and spectomycin [13] . The sul genes produce resistance to sulfonamides [14] and tet genes produce resistance to tetracyclines [15] . All of the genes found in the UK were also found in the US. Australia and Brazil also are similar to each other based on the hierarchical clusters. South Africa appears to be an outlier among the countries in terms of genes. It tends to share the least number of genes in common with other countries. South Africa and China share merely four genes (aph(3")-Ib, aph(6)-Id, blaTEM-1, qacEdelta1), which are also the same genes shared by all countries. 
Identification of Important Clinical Pathogens that carried antimicrobial resistance genes in Australia,
Brazil, China, South Africa, the UK, and the US In addition to studying the genes mostly involved in antimicrobial resistance, PCA and hierarchical clustering were performed on the datasets to identify the clinical pathogens mostly involved in carrying AMR genes within each country. Table 2 below lists the important pathogens from the six countries. Seven pathogens, including Acinetobacter baumannii, E.coli and Shigella, Enterobacter, Klebsiella pneumoniae, Listeria monocytogenes, Mycobacterium tuberculosis, and Salmonella enterica, were found to be important to more than one of the analyzed countries, with the exception of Vibrio cholerae and Pseudomonas aeruginosa (the former only found important in China and the latter in Brazil). E.coli and Shigella and Klebsiella pneumoniae are the two pathogens that are common in all six countries. Acinetobacter baumannii and Salmonella enterica are shared by all countries other than South Africa. Mycobacterium Tuberculosis is important only in South Africa and Australia. 
Identification of Important Clinical Pathogens
That Carried Antimicrobial Resistance Genes in Australia, Brazil, China, South Africa, the UK, and the US In addition to studying the genes mostly involved in antimicrobial resistance, PCA and hierarchical clustering were performed on the datasets to identify the clinical pathogens mostly involved in carrying AMR genes within each country. Table 2 below lists the important pathogens from the six countries. Seven pathogens, including Acinetobacter baumannii, E. coli and Shigella, Enterobacter, Klebsiella pneumoniae, Listeria monocytogenes, Mycobacterium tuberculosis, and Salmonella enterica, were found to be important to more than one of the analyzed countries, with the exception of Vibrio cholerae and Pseudomonas aeruginosa (the former only found important in China and the latter in Brazil). E. coli and Shigella and Klebsiella pneumoniae are the two pathogens that are common in all six countries. Acinetobacter baumannii and Salmonella enterica are shared by all countries other than South Africa. Mycobacterium Tuberculosis is important only in South Africa and Australia.
The occurrence of the important pathogens listed in Table 2 were further used to study the similarities of the six selected countries in carrying those clinical pathogens. It can be seen in Figure 5 that South Africa shows the least similarity in its clinical pathogens to the other five countries. Following South Africa, China contains the least similar clinical pathogens to the other four countries. Compared to Austria and Brazil, the UK is clustered with the US in the same group in the hierarchical clustering tree in Figure 5B . This indicates that the UK and the US share more similar clinical pathogens than the other selected countries. The occurrence of the important pathogens listed in Table 2 were further used to study the similarities of the six selected countries in carrying those clinical pathogens. It can be seen in Figure 5 that South Africa shows the least similarity in its clinical pathogens to the other five countries. Following South Africa, China contains the least similar clinical pathogens to the other four countries. Compared to Austria and Brazil, the UK is clustered with the US in the same group in the hierarchical clustering tree in Figure 5B . This indicates that the UK and the US share more similar clinical pathogens than the other selected countries. Table 2 ; (B) hierarchical clusters of countries based on the occurrence data of clinical pathogens listed in Table 2 . countries. The genes and pathogens with an increasing trend were then identified from their profiles. For example, Figure 6A shows the profiles of the four antimicrobial genes with an increasing trend in the US dataset, while Figure 6B illustrates the profiles of the important clinical pathogens with a generally increasing trend in the US in recent years. In particular, the portion of E. coli and Shigella in the annual clinical samples went down from 2010 to 2013 and then generally went up after 2013. This pathogen was regarded as a pathogen with an increasing occurrence recently. The occurrence of Salmonella enterica generally increased from 2013, although fluctuation was observed over time. Similar profiles were obtained for the important pathogens from the other five countries, and pathogens showing a similar historical trend were regarded as pathogens with increasing occurrences. Tables 3  and 4 list the genes and pathogens from Tables 1 and 2 that show an increasing trend for each country.
Investigation of the Trend in
Investigation of the Trend in Antimicrobial Resistance from the Historical Profiles of Genes and Pathogens
that Were Mostly Involved in Antimicroibal Resistance in Australia, Brazil, China, South Africa, the UK, and the US The historical occurrence profiles of the important genes and pathogens identified in Sections 3.1 and 3.2 were plotted in this section to investigate the trend of antimicrobial resistance in the six selected countries. The genes and pathogens with an increasing trend were then identified from their profiles. For example, Figure 6A shows the profiles of the four antimicrobial genes with an increasing trend in the US dataset, while Figure 6B illustrates the profiles of the important clinical pathogens with a generally increasing trend in the US in recent years. In particular, the portion of E.coli and Shigella in the annual clinical samples went down from 2010 to 2013 and then generally went up after 2013. This pathogen was regarded as a pathogen with an increasing occurrence recently. The occurrence of Salmonella enterica generally increased from 2013, although fluctuation was observed over time. Similar profiles were obtained for the important pathogens from the other five countries, and pathogens showing a similar historical trend were regarded as pathogens with increasing occurrences. Tables 3 and 4 Table 3 below displays the important genes listed in Table 1 that show generally increasing occurrences in the six countries. Among those genes shown in Table 1 , the portions of genes with increasing occurrence over time for individual countries are: 54.5% for Australia, 56.3% for Brazil, 50% for China, 16.7% for South Africa, 75% for UK and 12.5% for US. While each country has certain genes with increasing occurrence, South Africa and the US have the lowest portions of genes with increasing trends. Table 4 lists the clinical pathogens listed in Table 2 with increasing occurrence over time. Among those important pathogens shown in Table 2 , the portions of clinical pathogens with increasing occurrence are: 40% for Australia, 40% for Brazil, 33.3% for China, 40% for South Africa, 0% for the UK and 40% for the US. This implies that 30 to 40% of the important clinical pathogens in most countries (with the exception of the UK) generally had increasing occurrences in the last 9 years. 
Discussions and Conclusions
Common Genes and Pathogens in the Six Studied Countries
The important genes shown in Table 1 represent the AMR genes most often carried by pathogens in a particular country. It was further analyzed to identify the AMR genes unique to each studied country ( Table 5 ). Genes aac(3)-I and blaADC-30 are both unique to Australia. The genes unique to Brazil include aac(3)-IIa, aac(6 )-Ib, aadA7, aph(3 )-IIb, blaCTX-M-15, blaOXA, blaOXA-494, blaOXA-56, blaPDC-5, blaSPM-1, catB7, cmx, crpP, and rmtD1. For China, there are the unique genes armA, blaSHV-11, mcr-1.1, mph(E), and msr(E). South Africa contains the unique genes aac(2 )-Ic, blaA, erm37, fosX, and lin. The UK does not have any unique genes. Lastly, the US has the unique genes blaCMY-2 and fosA7. The important genes shared by three or more countries in Table 1 were further identified and are listed in Table 6 . They can be categorized by function: antibiotic-degrading enzymes, efflux pump, and modified antibiotic binding target. The majority of the genes produce antibiotic-degrading enzymes (aadA1, aadA2, aph(3")-Ib, aph(3 )-Ia, aph(6)-Id, blaEC, blaTEM-1, catA1, mph(A), sat2). Three of these common genes produce efflux pumps (qacEdelta1, tet(A), tet(B)), and one causes a modified antibiotic binding target (dfrA1, sul1, sul2). All countries share the genes aph(3")-Ib, aph(6)-Id, blaTEM-1, and qacEdelta1. In particular, aph genes produce aminoglycoside modifying enzymes that catalyze ATP-dependent phosphorylation of a hydroxyl group [16] . bla genes produce beta-lactamases, which hydrolyze the beta-lactam bond in susceptible beta-lactam antibiotics [17] . The gene qacEdelta1 produces resistance to quaternary ammonium compounds [18] . Table 6 . Genes carried by different countries sorted by frequency. Only genes with a frequency of 3 or higher are shown. In addition to the AMR genes shared by the six selected countries, all countries also share the pathogens E. coli and Shigella, and Klebsiella pneumoniae, as seen in Table 7 . E. coli and Shigella were found to be responsible for carrying the genes aph(3")-Ib, aph(6)-Id, blaEC, blaTEM-1, mph(A), qacEdelta1, sul1, and sul2 across the six countries. Klebsiella pneumonia is responsible for carrying the same eight genes as E. coli and Shigella, excluding blaEC. In addition, Salmonella enterica, which is shared by five countries, is largely responsible for carrying the same eight genes as E. coli and Shigella, excluding blaEC and mph(A). The pathogens Listeria monocytogenes, Mycobacterium tuberculosis, Pseudomonas aeruginosa, and Vibrio cholerae are unique to each country. These unique pathogens were not found to be the ones mostly carrying AMR genes. The pathogens shared by the most countries were also found to carry the greatest number of AMR genes. 5 show that the six countries are clustered into three groups according to the AMR genes and pathogens carried in them: the US and the UK in one group, Australia and Brazil and China in one group, and South Africa in one group. The number of AMR genes that are shared between every two countries is listed in Figure 7 . In contrast to Figure 4 , the occurrence frequencies of those shared genes are not reflected in Figure 7 . In spite of this, Figure 7 shows that the US and the UK contain a large number of AMR genes and that South Africa has the lowest number of AMR genes in common with other countries. Some countries may be more similar than others due to the number of interactions that occur in between the countries. For example, the US and UK are the most similar based on AMR genes. The Some countries may be more similar than others due to the number of interactions that occur in between the countries. For example, the US and UK are the most similar based on AMR genes. The US imported $60,783 million goods from the UK and exported $66,312 million goods to the UK in 2018 [19] . On the other hand, South Africa is the least similar to the US, and the US trade in goods with South Africa in 2018 included $5,517 million in imports and $8,467 million in exports [19] . Interactions, like trade, may allow for the transfer of genes between countries as they can be carried along with the traded goods. For example, genes carried by microorganisms in livestock products (e.g., meats) can be transferred between countries. These microorganisms then spread genes to other microorganisms in human bodies or in the environment.
Climate factors may be a contributing factor to the countries' similarities. The US and UK both share similar conditions with a mostly temperature climate. The similarity in conditions would allow for similar species of pathogens to be present in the different countries. In addition, Australia and Brazil also share similar annual average temperatures, which could be a contributing factor to their similarity based on pathogens. Another factor contributing to similarity could be the amount of tourism or travel to the countries. High levels of travel to certain countries could cause pathogen or gene transfer among tourists and residents of the country, which would lead to similarities in pathogens and genes to other countries. For example, the US and the UK are both contained in a cluster that does not include South Africa. Both the UK and the US have high levels of tourism (the UK with 36 million international tourist arrivals in 2016 and the US with 76 million international tourist arrivals in 2016 [20] ), while South Africa has a lower level (10 million international tourist arrivals in 2016 [20] ). The differences in the levels of travel could have contributed to the differences in cluster placement.
The Implication of AMR Gene Transfer in the Studied Countries
Due to the number of shared AMR genes and pathogens found across the studied countries and the comparatively small number of unique ones, it can be inferred that pathogenic similarities are occurring between continents. This gene transfer among pathogens of different countries would result in increased occurrences of AMR genes and increased similarity among the countries. This validated our hypothesis that gene transfer existed between the countries studied. The important genes shared by at least five countries were studied to determine which pathogens carry and transfer those genes. This was determined by identifying which pathogens had the highest frequency of those particular genes. The genes were found to be carried by four pathogens: Acinetobacter baumannii, E. coli and Shigella, Klebsiella pneumoniae and Salmonella enterica. Acinetobacter baumannii carries the genes aph(3")-Ib and aph(6)-Id. E. coli and Shigella carries the genes aph(3")-Ib, aph(6)-Id, aph(3")-Ib, blaEC, blaTEM-1, mph(A), qacEdelta1, sul1, and sul2. Klebsiella pneumoniae carries the genes aph(3")-Ib, aph(6)-Id, aph(3")-Ib, blaTEM-1, mph(A), qacEdelta1, sul1, and sul2. Salmonella enterica carries the genes aph(3")-Ib, aph(6)-Id, aph(3")-Ib, blaTEM-1, qacEdelta1, sul1, and sul2.
Gene transfer could be due to increased travel and migration between countries, as passenger numbers are predicted to increase at more than 5% per year in the next 10 years [5] . With the continued rise in globalization and travel, it is becoming easier for pathogens to travel across countries and interact with other pathogens. These interactions include gene transfer, which can result in new resistance and diseases. A study in 2016 found that new antimicrobial resistance in colonizing E. coli was associated with international travel [7] .
The Trend of Amtimicrobial Resistance Indicated from the Histroical Profiles of AMR Genes and Clinical Pathogens
The normalized historical profiles of the AMR genes and clinical pathogens shown in Figure 6 are replotted with the actual numbers of samples containing those genes and pathogens in Figure 8 . The year 2019 was not considered in the analysis of the historical profiles because data still has yet to be collected for the remainder of the year 2019. It can be seen that the numbers of samples are low in early years when compared to those for recent years. This may be due to the following reasons: (1) people did not collect samples as often in the beginning of this decade; (2) limited resources were available to collect and input the samples into the NPDIB database; (3) the antimicrobial-resistance became more severe and thus caused more resistance cases. Therefore, the increase in the actual numbers of samples over the years may not be mainly due to the increase in antimicrobial resistance. That is why the normalized profiles (i.e., Figure 6 ) were used in this work to evaluate the trend of antimicrobial resistance from the data.
Pathogens
The normalized historical profiles of the AMR genes and clinical pathogens shown in Figure 6 are replotted with the actual numbers of samples containing those genes and pathogens in Figure 8 . The year 2019 was not considered in the analysis of the historical profiles because data still has yet to be collected for the remainder of the year 2019. It can be seen that the numbers of samples are low in early years when compared to those for recent years. This may be due to the following reasons: (1) people did not collect samples as often in the beginning of this decade; (2) limited resources were available to collect and input the samples into the NPDIB database; (3) the antimicrobial-resistance became more severe and thus caused more resistance cases. Therefore, the increase in the actual numbers of samples over the years may not be mainly due to the increase in antimicrobial resistance. That is why the normalized profiles (i.e., Figure 6 ) were used in this work to evaluate the trend of antimicrobial resistance from the data. Based on the normalized values of the gene frequency over time, certain portions of important AMR genes listed in Table 1 showed an increasing occurrence. In particular, 54.5% AMR genes for Australia, 56.3% AMR genes for Brazil, 50% AMR genes for China, 16.7% AMR genes for South Africa, 75% AMR genes for the UK and 12.5% AMR genes for the US showed an increasing occurrence, especially in the recent years from 2014 to 2018. When the absolute values are used, the increasing trend is even more apparent. The trend is contributing to the worsening AMR epidemic that is posing a critical health hazard on a global scale. It can be correlated to the global increase in antibiotic consumption in recent years. One study involving 76 countries found that global consumption increased 65% and the antibiotic consumption rate increased 39% between 2000 and 2015 [21] . The increase in AMR genes could be linked to increased travel between countries. International tourist arrivals increased by 6% from 2017 to 2018 [22] . One study found a correlation between new AMR and international travel, with 9% of participants acquiring new strains of ESBL-producing E.coli [23] . Based on the normalized values of the gene frequency over time, certain portions of important AMR genes listed in Table 1 showed an increasing occurrence. In particular, 54.5% AMR genes for Australia, 56.3% AMR genes for Brazil, 50% AMR genes for China, 16.7% AMR genes for South Africa, 75% AMR genes for the UK and 12.5% AMR genes for the US showed an increasing occurrence, especially in the recent years from 2014 to 2018. When the absolute values are used, the increasing trend is even more apparent. The trend is contributing to the worsening AMR epidemic that is posing a critical health hazard on a global scale. It can be correlated to the global increase in antibiotic consumption in recent years. One study involving 76 countries found that global consumption increased 65% and the antibiotic consumption rate increased 39% between 2000 and 2015 [21] . The increase in AMR genes could be linked to increased travel between countries. International tourist arrivals increased by 6% from 2017 to 2018 [22] . One study found a correlation between new AMR and international travel, with 9% of participants acquiring new strains of ESBL-producing E. coli [23] .
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